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AIKTRACT:

,$ .,.

‘J’he })llolo~>olari]  llctcr/1{adio]31  c:[e]. (PPR) instrument aboard the

Galileo Spacecraft will go into orbi{ arouncl Jupiter in l>cccmber,

1995. ‘J’he 23 month tour offcm W]{ four Ganymede  encounters,

tlmc Callisto cmcoun[ersj and three liuropa encounters at less than

3,100 km distance. in addition, them will bc: one Ganymedc,  one

Callisto, and two l~uropa ‘non-targeted’ encounters less than 80,000

km distance. ‘1’he W]{ will have excellent oppor[uni[im to CIO [hermal

11<, photometry, and polarime[ry  studies of each of these satclli(es.

‘1’hc targeted satellite encoun(cm will yield resolutions of down to 0.7

km whereas the non-targeted mcounters will give resolutions down

to 58 km.
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1. IN”I’1{ODUCTION

1.
,.

‘1’he Galileo spacecraft will arrive al Jupiter on IXmmbcr 7, 399S 10

commence its near] y two year tour of the Jovian system ( Byrncx and

Johannescn, 1994). In addi~ion  [o stuclying the magnetosphere and

Jupiter’s atmosphere, the spacecraft will s[udy [he Galilean satellites

in much greater detail [ban (hat provided by the Voyager flyby

cmcounters. ‘1’hc l~lloto~>ola].i]lletc]- Radiometer (P]’}{) instrumml is

one of the four scan platform remo[c sensing instruments aboard the

Galileo spacecraft. “1’he PI)]{ has [men designed [o perform precision

p h o t o m e t r y ,  polarimetry, and lon~ wavcdcng[h  ( 17 - 110 pm)

radiometry. The PPR instrument was designed primarily to study

the Jovian atmosphere ancl {I1osc: objcc[ivc?s  arc described by Russell,

ct. al., ( 1992). “1’hc icy satellite objectives and observation designs

have been fleshed cm t more rcccm tly ancj are prcsm ted here.

Although the expected da(a return from Galileo is now smaller than

what was originally envisioned duc to the incomplete deploymmt of

the high gain antenna, the 1)1)1{ ins(rumen[  will still re[urn data sets

of nearly global coverage of the icy satellites. ‘1’his is being

accomplished partly by the addition of new processing algorithms

which will bc discussed below. l’he data return will be fur[hcr

reduced by a stra[cgy that favors global c-overage at good resolution,

but with fewer wavelengths usecl for each type of obsc~rvalion.  ‘J’hc

PPR will also I-d[urn less data from Collaborative observations with

other instruments, callecl “ride-along” c)bsmwations.  “1’he choice to

play back some of these data can bc made once telemetry capability

4



is known, ‘1’his paper discusses the resulting observing plans of the

1)1)1{ wilh (1IC in{c’n( o f  givin~ lhe scjcn{ific community the

hac’kground  from which 10 suggest inc]usion of i]llpO1”tallt objectives.

“1’his paper will firs( give an overview of the PPR instrument

characteristics followed by the operational aspcc(s to be used during

the Jupiter (our, incluciing cnhanccmcmts designed for the low-rate

telemetry environment. “1’he satellite observational plan will be

given next, followed by (he observation detail.

2. OVllRVIEW OF TIIE l)llO”l’OPOI,AI<  IME1’EI{  RADIOMETER
(PI’]{) INSTRIJMENT

Since a complete description of thCI 1)1)1{ ins(rumcn(  has been given

by Russell, ct. al. ( 1 992), only a brief  overview will be given here.

‘1’he IT]{ resides in a position on the scan platform of [he ~;alileo

spacecraft that allows [he 1’1)1< {o view the largest phase angles. “1’he

upper phase angle limit for the 1)1’}{ is approximately 155 degrees.

‘1’his limit, imposed by the spacecraft sunshade, depends on (he sun-

carth separation; the spacc?craft is normally earlh-poin(ed. All other

scan pla{form instruments are obscured by (he sunshade at lower

phase angles. This place] ilcn[ enhances the Wl{’s abili[y  to observe

the night side of the [arge~ body which is one of the major objectives.

‘1’he field of view (l~OV) of {he PPR is circular with a 2.5 m-ad

diameter.

‘1’he PPR is a hybrid ins[rumen ( ciesigned to accomplish both

precision photometry and radiometry. ‘1’able 1 shows [hc
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wavelength coverage afforded by (he 23 filter posi(ions  on the

rotating filter  whcd (Russell, CL al, 1992). As shown, (1IC ins{rummt

has three distinct sm-(ions: radiometry, po]arime(ry, anti photometry.

‘1’he radiomc(ry mode  ut i l izes (he l)l)l{’s (WO (clescopm: the scene

view and the space view. A chopper, operating at 30 lIz, alternately

directs the flux from the scene and space view telescopes onto the

lilhium (antalatc pyroclcc(rjc  de tec to r .  ‘1’his a l lows (IIC scene

radiance to be rcfcrcnced (o the space background, which is about

3K. The radiometry data which is sent to the ground will have the

space view signal subtracted from the scene view signal. “1’o aid in

dctcnnining the correct brightness (cmpmaturc  of a rc:lativcly cool

target which was measurcci by a relatively warm instrument, (he

})])]< contains ten intc?ma]  thermistors on different optical Clemc!nts.

IJor both photometry and polarime(ry,  the scc’ne view flux passes

through the filter and [hen through a Wollas(on prism which gives

two spatially separated anti or[hogona]ly  polarized beams. ‘1’hese

beams are then detected by two silicon photodiodc? detectors. ]n

addition, the polarimc(ry fil(crs include a ha] fwave rc:tarder. Since

one light ham is spli[ by the Wollas(on prism and ciirected to two

detectors, a powerful means of de[mnining a real signal from noise

is its presence  in both delc:ctors.



3. PPR OPM{AI’IC)NS  l>IJIUNG ‘1’111{ JLJPI”l’lH{ “1’OUR

‘1’hc ITR instrument has five modes of operation: Cycle mode (CYCI 1{),

Racliomctry mode (l{ Al>), l)l~oto]]~et]”y  /l~ola]-i~~letry  mode  (})})/1)11),

Photometry mocle (P11O”I’OM), and ])osi [ion Sc~lect mode (POS S1;1,).

(YC1,l{ mode will cycle through all (he fillers, RAD mode will cycle

frc)m the 17 pm filter [hrougll  thc~ sc)lar+ thermal filter anti back,

lT/PIl mode will skip ovc:r (IIC Radiometry filters, Photometry mode

will cycle from the 618.7 nm filtc’r throu@ the 891.8 nm filter and

back, and finally, l)OS S1;1, mode allows selection of any filter position.

in the POS S1<1, moc~e, it is possiL>le [o command one, three,  or five

additional positions. 111 Cwmy I-node, it is possi L>lc to vary the

numbc!r of samples lakcn while! in a particular filter position before

stepping to the next one.

As a result of the Galilee) mission L>cing pm.formed  with the low gain

antenna, there are two addi[icmal anti hi[;llly constrained resources.

‘1’he first is the numlxq- of telcmc~(ry  L>its r-c’ceived on the ground and

(IIC second is space on the tape rccorcicv”. l>uring c?ach orL>i t, (1IC tape

recorder will bc filleci only once during the sa[cdlitc/Jupiter

encounter period anti suLoscquc Intly played  L>ack ciuring the cruise

portion of the orL>i t.

“1’o compcmsate for these constrained rc~sc)urccs,  changes arc L>cing

made to the Galileo (c)mmanci l>ata Systcm (CIX) to enhance  the 1’1’1{

data return. ‘1’hc most significant change is the 1)1)1{ Burst Mode

capability, which enaL>lm WI< tc) return a much larger amount of data
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than would otherwise have bum possible. 1( allows pre-editing of

“the IT]{ data to delete redundant ciata and save only [he unique  data

to a buffer in the ClIS. ‘1’his deletion of redundant data results in

mom observation time for the same number of [elcmetry  bits to

ground. Once the CIXS buffer is fi]lcd, it “bursts” the data to the tape

recorder at 7680 bits per second (the? lowest tape record speed).

Since the nominal bit rate of (he 1’1)1{ is only 216 bils per second of

the 7680, it is clear that this is a large savings in tape. Another

important capability that is being added to the CIX is the ability to

perform 10 SS1CSS compression on [he P])l{ data. When the data arc

mad from the tape recordc’r into the? CIX in preparation for c~own]ink,

an algorithm known as Rice Compression (Rice, 1991 ) can be

pm-formed on the da[a. 1[ is cstima[c~d (hat this algorithm will give

up to 1.3: I compression of the PPR data.

‘1’he 1]1)1< instrument will observe each of (he four Galilean satellites,

but hem we will concentrate on the oL>scrvations  of the icy satellites:

l;uropa,  Ganymcde, and (allisto. ‘1’11<’ Galileo two year Jupiter tour

allows several ‘targeted’ cmcoun~ers ( <3, ~ 00 km distance): four

Ganymcde,  three  Callis(o, and tlwec liuropa.  ]n addition, it c)ffcm a

few ‘non-[ argeted’  encounters (23,000” -80,000 km): onc [;anynlede,

onc Callisto, and two l{uropa, ‘1’able 2 shows the orbit number anti

designation along with the [argctcd sa[ellile,  non-[ argetcd satellite

and Galileo’s altitude at closest approach in each case. Although

detailed planning of the observations has starled, [lICII-C will be time
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al lowed (star[ing six weeks prior 10 each orbit encounter) 10

accommodate small changes basccl on knowledge gained from

returned data.

‘1’]lc IT]{ team has several general scientific objectives to be

accomplished for each of the icy satclli[cs.  O1lC objective is to

investigate the themophysical properties, especially the thermal

inertia, of each of (hcse bodies. ‘]’his will L>e accomplished via

observations called l>ayside Global ‘1’hemal Maps (lX”l’M), l>aysidc

Regional Thermal Maps (lIR’1’M),  and Darkside ‘1’hmmal  Maps

(lJRKMAP). ‘1’hc data f r o m  these oL>scrva[ions will enable

charac~erizatim  of gloL>al variations in albedo  and surface thermal

inertia (which is affected L~y compaction and particle size) by

compar ing  L>rightness tcmpera[ures to models. Inc!r(ia c a n  b e

correlated to [he surface geology and possibly used to determine

relative surface ages.

investigation of suL>-resolution [empm-aturc  variations will help

characterize surface illllo]llogc~]]c:i[ics. “1’hese suL>-resolution

temperature variations can be deicrmined L>y compar ing  the

temperature  difference f o r  ciiffercnt wavc]cngths u s i n g

superposition of con t riL>u (ions from areas at differcm t t cmpcraturcx

within the field of view. l~or ]:uropa, these data will serve to locate

any possible sources of cnclogcnic heat. 1[ is also imporiant to

evaluate the s[ability of surfiace vola~ilcs which will be accomplished

t h r o u g h  the daysidc tcmpcra[urcs in tllc> l~Grl’M and l~l~rl’M

observations.

9



Voyager IRIS data showed a brigh lncss [cmpera(urc decrease of

abou( SK between 30 anc~ 60 degrees phase (SpcInccr,  1987). ‘1’bus,

to determine the kinetic surface temperatures from the derived

brightness temperatures, it will be necc!ssary  [0 put c-onstrain(s on

the anisotropy of the thermal emission. “l-he 1)1]1< will gather data

from a particular region at differen[ phase’  angles to accomplish this

objcc[ivc.  “1’his obscva(ion set is known simply as Thermal Phase

Observations (“1’}) 0).

7’hc tour also offers the opportunity 10 obtain vc+ry high (0.7 -7.7

km) reso]ulion  samples (l IIRl\SS), which will enable the investigation

of the thermophysical  properties of thcI icy salcllitcs  at the highest

pc)ssib]e spatial resolution, ‘1’hesc sam~~les w i l l  enable

characterization of local variations in surface cmnpaclion.  ‘1’his data

set will be an additional [001 for sluciying the qucs(ions  of surface

age and composition, ancl vola[jle movcmen[.  ]n addition, it will

provide a high resolution search for sources of endogenic  heat on

l!uropa.

“J’hc final general

optical properties,

scientific objeclivc~  is [0 investigate the surface

inducting {he rcd’rac[ivc incicx and par(icle size, for

a variety of lerrain [ypcs. ‘1’his oL>scrvation set is known a s

Polarimetj-y Phase Olxcn~a[ions (1)1)0).

‘1’hcse observations are summarized in ‘J’able 3,
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5., SATH,I/lTl; OIKWRVA’J’ION  l> IXIGN lJ1l’1’AII,

in general, the P]’]{ will scan approximale]y  along a la~itudinal band,

and will “fly back,” or slew very fast, {0 begin (he nexl scan. III many

cases, (he design  will have 50/S0 cove’rage, ic. 50% overlap from

field .of view (I;OV) to fic’ld of view and SOYO overlap from scan to

scan, ‘1’he map will also cover the area of’ interes(  plus ano[her half

of a field of view or so to allow for scan platform pointing

uncertainty. “1’hc following sections will give details on each of the

observation types.

5.1 Darkside Thermal Maps (DRKMAP)

‘1’his observation will obtain as ncmr 10 global nighttime coverage as

the toLlr provides for c>ach of (he sa{e]litc!s.  111 genera], wc will

position select [o one radiometry fil~cr with one additional position

commanded. ‘1’ypicall  y, the filter choic(’  would bc? 27 pm and >4S ~lm,

anti each fil[er would sample four [imcs before s[cpping  to the next.

‘1’he time to take four samples with {he 27 pm filter and four with

the >45 pm filter includinc  tl~e filter s[epping time is 4.13 seconds.

‘J’his 4.13 sec cycle time bclwecn plc)llmi ficlcis of vic’w (I~igurc 1 ) is

the way in which we design the 50% overlap from 11’C)V to l~OV. ‘] ’he

resolution for these observations will be [ypical]y 220 km.

5 .2  Dayside Globa l  and R e g i o n s ]  ‘1’herma] Maps  (DG2’M,
DRTM)

On Iiuropa,  wc will obtain as much covera~e at all longitudes as [lIQ

tour providcx. l:or {;anymcdc and ~;allis[o, we will obtain nearly
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global c-overage, but due [o spacecraft resource limi[a[ions, we may

not obtain all longitudes provided Lvy [he [our. Consequently, we

would obtain ‘regional’ maps, “1’hc:sc thermal maps will be done? in at

least one thermal filter, [ypically 27 pm, with the possible addi[ion of

one other (hermal  filter if oL>sc:rvin.g lime and resources permi t .

‘1’bus, the cycle time is either 0.5 scc for one sample in one filter  or

4.13 sec for four samples in each of [wo filters plus stepping lime.

“1’his observation will nominally bc~ done a[ less than 30 degrees

phase and a resolution of 220 km.

5.3 Thermal Phase Observations (TPO)

“1’hese observations are planned [o L>e done once during  the tour for

Ganymcdc  and Callisto and twice for liuropa, l{ach “1’PO set wil l

consist of three oL>servations  of (he same longitude region at

different phase angles, ‘J’hc phase angles are approximately 30, 60,

and 90 degrccx. A typical msolu[ion  will L>e 110 km for lluropa  and

Callislo and 240 km for Ganyncdc, We will nominally position select

to one radiometry filter, 27 pm, which has a cycle time of 0.S

seconds.

5.4 Polarimetry Phase Observations (PPO)

‘J’here  will be two kinds of polarimc[ry  phase) oL>serva(ions: high

resolution and low rmolution. ‘1’hc high resolution oLxcrvations will

bc? very similar to the ‘1’])0 Oioscrvations  (it. typically 110 km for

lkropa and Callisto and 240 km for Ganjuncde). l’hcy will be maps

of the same longitude region at three widely spaced phase angles.



“1’hese will be done once for each icy satellite during  the tour. “1’he

low reso]u[ion  observations will consist of a single scan across the

disk or a small mosaic, ‘1’ypical]  y, the [arget body will be sligh [ly

larger  or slightly smallm  than [he 1’1)1{ field of view. ]n other words,

these  observations may vary from disk integrated up to several I)PR

fields of view across. ‘1’he observa~ions will span 0-180 degrees

phase with five degree  rcsolu(ion. ‘1’hese  observations are no( shown

on Table 3. A set of thc)se measurements will L>e oL>taincd for each of

the icy satellites providing complete phase curves of L>oth

photometric and polarimet  ri c parame~ers. “1’hc PPR will Lx position

sclcctcd  to a polarimetry posi(ion  with five additional positions

commanded, (to get (he complete polarization information). “1’his

choice has a cycle time of 4.10 Scconciso

5.5 I]igh Resolution Samples (1111< 1{SS)

]Iigh Resolution Samples (0.7 (0 ] O km) will be taken near (he

Iargctcd  satellite C1OSCS{ approach. ‘lllis observation can be a (argct

of opportunity, ic. i{ will follow the ground track as the spacecraft

flies by the satellite, It can also be a small 1)1)1{ dedicated map of a

particular region  of interest, or a ride-along map with another scan

platform instrument, the Near Infrared Mapping Spectrometer

(NIMS), in particular, A ride-along oL>servalion with the NIMS

instrument will [ypically have a much slower scan rate than the PPR

rcc]uires and will also give incomplete ccn’eragc:,  as ~hc NIMS slit is S

times (he I)PR diamctm. “1’he 1)1)1{ will be position selected [o one

radiometry filter  wi[h a cycle time of 0.5 secon(ls.



6. SUMMARY

The 1}1}1{ instrument will gather a wealth  of mom complctc  and

higher resolution data for (1IC Galilean icy satellites even with the

reduced data return capabilities. ‘1’11(! Cul+rcnl obsmvation  strategy  -

global coverage at good resolution with reducccj wavclcmglh coverage

- is thought to be a goocl compromise in light of lhcsc! restrictions.

‘1’he outline of the strategy presented here will give (he! scicmtific

community the opportunity to commcmt. It is cxpcctcd  that [he

Galileo mission and the PPR instrument in particular will realize  a

very successful Jupiter tour.
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‘1’able/ljigurc Captions

TAIHl  1: PPR measurement functions and wavelengths. ‘1’he PPR

instrument has tlmec~ distinct modes: po]arimetry,  photometry, and

radiometry. IIcrived from Russell, C( al, 1992.

TABIX 2: Galileo icy sa~elli[c  encounters. ‘J’lle a]titudc  refers tO the

spacecraft altitude a[ closest approach. ‘1’here is no orbit five listed

since it is during  a solar conjunction period when the Sun - ]iarth -

spacecraft angle is less than five degrees. ‘1’his orbil  is considered a

‘phasing’ orbi[ in (1IC tour and no oL>scrvations  will be done.

TABLE 3: PPR planned icy satellite oL>servations. ‘1’he taL>lc breaks

down the observations by type,  icy satellite, and orbit. ‘1’he

approximate longitude coverccl  for [he! IJayside Global and Rcgiona]

‘1’hermal  Maps, the l)arksidc  ‘1’hermal Maps, anti (he ‘J’hermal  and

Polarimetry Phase? Obscrva{ions  is ~ivcn f o r  each o r b i t .  “1’he

latitude/longilude of the closest approach poin[ is given for the nigh

Resolution Sample

Phase Obscrvalions

observations. ‘1’he low resolution Polarimetry

arc not shown.

I; IGUIW 1: lhample l>arlwide ‘J’hermal  Map (I) RKMAP) design. “l-his

is a preliminary version of [he lJRKMAl) planned for the first

Ganymcde (G 1 ) encounter. ‘1’he resolution ranges  from 95 km to 280

km. ‘1’his design uses two thermal filters (27 }im and >45 pm; each

sampled four [imcs) with a corresponding cycle time of 4.13 seconds.

A field of view is plot[ed  every 4.13 seconds. ‘1’hc overlap is about
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,

2S9f0 l~OV-lJOV  and  259f0 scan 10 s c a n . ‘]’his oL>serva[ion s{ar~s at

appl-OXilllatdy Ganymedc c]oscst approach -I ].5 hoLlrs and has a

duration of 2.5 hours.
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Table 1. PPR Mcasuremcn[ l~unctions and Wavelengths

Mcasurcmcnt Cc’lltc?l- 1 l~ull width
fu nction at half max.——-—.-.—————
Radiometry 16.8 pm ‘4.2 pm

~ ] .() ~Llll 3.0 pm
27 .s pm 7.2 ~Hn
35.5 pm 6,9 }1111
k >45 pm 45-110 ~lm
Solar 0.3-4 pm
Solar -I thermal 0.3 -110-1 }[111

l]olarimc(ry

Photometry

410.1  nm 60.0 nm
678.5 nm 8.711111
944.6 11111 10.8 nm

618.7 nm 7.0 l-lln
633.3 nm 8.611111
648.0 nm 7.4 nm
788.711111 11.911111
829.3 nm 11.9 nm
840.311131 7.3 nm
89] ,8 nm 11.1 11111



Table 2. Galileo Icy Satellile  lincounters

Orbit #

——. —.—
0

1
2
3

4
6
7

8

‘3

10
11

IXsignation

JO

G]
G2
C3

G8

(3

Encounter
(rl’arget[cd = ‘1’)
~.~~]]:la~gclt.cd..y N’]’)
10 (“1’)
lluropa  (N’1’)
Ganymedc (’1’)
Gan ymcde (’1’)
Callisto (’l’)
liuropa  (N’]’)
1 !uropa (“1’)
1 luropa (’l’)
Ganymcde (T)
1 ;uropa (N”l’)
Ganymedc  (“l’)
Callisto (N1’)
Callis[o (’1’)
Ganymcdc (N”l’)
Callisto (“1’)
liuropa (’1’)

Al[itudc
(km)

.——
1000 -

32489
Soo
255
1100
31947
695
588
3065
23244
3584
33499
416
79961
524
1119



seti~  Vovwssy W5!J

i. —— . . . . ..— —a.———.——. —z .—.. —— — — .—. —
(11.fl~ O)st!ly)

: — .—— —..— 1

06-09  – ec.whee I

~---- 1
CS!.  OZ1 CL Z.C7Z P*!.:

. -. ~

suof!E’Nssc-c)  Sseud W’wew:  I
.—r !

r J
S7C-S$?Z’OCZ.S?I  Oss. %z’ccz. og ! O: Z-O? !”O-Ot E— AO[ $ Os 1-09 0$2-017/  “0:.052 O:swq ~

/
@~.o,~*z-o!z caz-olz..l)$-o!~ SV-OZ’CIZ. CZ1 CWZ-C!6  ! OL-OZC mwki?g

I [

\ 05.0! ’CPZ-CSZ Ool-oz 011-0 OS S-OSS’OL1-C9 cQL-OC: pc+yn~ \

I

i
sdq’q  rai.w3u~ en’swc~t

~ S9 [-01! o~.o.oLl-c)Ll IJ9.IJ,CLL.06 OOZ-O L 1 ‘OS-OC o!sw??~

O !  L .SC’091.C9 09- S’C”.00Z-CZL  OVZ-OLZ’.OZ-OOC Ot’z-o*  [ ec.w,hp ,

L
j oz!-c5.  csz-oL ! r3~L-r36..c*z-f3:l 0LZ -091 S61-0.L1’OCC-O*Z Ot’c-ozz e,o~ s edemg {

I
.

1



,
.

l:igure 1. l>arkside Themal Map Design for Ganymcdc 1 I;ncoun[er—. —.. . . . . . . . ________ . . ._ .__. . ____________ -----

ljigh

Tel-l’

——_ — -—


